Cell membrane oxidative damage induced by gamma-radiation and apoptotic sensitivity.
Ionizing radiation-generated reactive oxygen species (ROS) resulting in oxidative damage to the cell membrane and its consequent role in the mechanism of apoptotic cell death have been receiving growing attention in cellular radiobiology. In recent years, evidence has accumulated to suggest that it is the damage to the cell membrane that contributes to the radiation cell killing. It has been demonstrated that degradation of membrane-bound sphingomyelinase (SMase) after irradiation of bovine endothelial cell produces ceramide, which initiates an apoptotic cascade, suggesting membrane-triggered events in the mechanism of cellular apoptosis. Fluorescence and electron spin resonance (ESR) studies from gamma-irradiation ofliposomal vesicles have shown that radiation-mediated lipid damage was modified by the inclusion of structure-modulating agents (e.g., cholesterol) and antioxidants (e.g., tocopherol, eugenol). The magnitude of the modification of the damage was found to be dependent on the concentration of these modifiers. Moreover, experiments on dipalmitoyl phosphatidyl choline (DPPC) unilamellar liposomes demonstrated a biphasic behavior of radiation damage, which was remarkably modified by ascorbic acid and alpha-tocopherol in a concentration-dependent fashion. The comparison of their protective effects showed that ascorbic acid was less effective than tocopherol against radiation damage to liposomes. Studies on irradiated mouse thymocytes employing FDA fluorescence probe have suggested post-irradiation time- and dose-dependent changes in membrane permeability. The determination of induction of apoptosis in irradiated thymocytes showed a time-dependent DNA fragmentation, suggesting that radiation-induced permeability changes and occurrence of apoptotic death in thymocytes were closely correlated. These results are discussed, with an emphasis on membrane-damage-mediated apoptotic death with relevance to improvement of cancer radiotherapy.